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Signal-averaged electrocardiography (ECG) was per-
formed in 38 patients (mean age 38 years, range 15 to 70)
with ventricular tachycardia who had no clinical evidence
of structural heart disease. Spontaneous ventricular tachy-
cardia was nonsustained in 3 patients and sustained in 15 .
None of the patients had symptoms of heart failure or
ischemic heart disease, and at cardiac catheterization none
had significant coronary artery disease or left ventricular
wall motion abnormalities . In addition, all patients under-
went left and right ventricular endomyocardial biopsy and
ventricular stimulation studies . Signal-averaged ECG was
performed and late QRS potentials were defined with use of
Simson's method .
Late QRS potentials were detected in a minority (18%)
of patients including of 3 with nonsustained and 5 of 15
with sustained (p = NS) ventricular tachycardia . Fifteen
patients (40%) had abnormal endomyocardial biopsy re-
sults and these findings were more common in patients with
sustained than in those with nonsustained ventricular
tachycardia (9 of 15 versus 6 of 3, p < 0 .05). Late
potentials were associated with abnormal endomyocardial
biopsy findings (6 of 15 versus 1 of 3, p < 0.01). An
increase in fibrous tissue was the most frequent histopatho-
Up to 15% of patients with ventricular tachycardia have no
cardiac abnormality during standard clinical evaluation (in-
cluding angiography) . The tachycardia is often labeled
idiopathic or even "innocent" (1-6), although recent
reports (7-10) of right ventricular endomyocardial biopsy
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logic abnormality ; this increase was quantified by morpho-
metric methods and compared with biopsy findings in
normal control subjects. In the control group the propor-
tion of collagen in relation to myocytes was <10% . All
patients with both late potentials and abnormal biopsy
findings had a >15% ratio of collagen to myocytes in at
least one specimen and the biopsies revealed marked inter-
stitial fibrosis . At programmed electrical stimulation clini-
cal tachycardia was more commonly induced in patients
with sustained than in those with nonsustained ventricular
tachycardia (1 of 15 versus 7 of 3, p < 0.01) .
The presence of late QRS potentials in patients with
ventricular tachycardia without clinically apparent struc-
tural heart disease was not a sensitive marker for abnormal
myocardial histologic findings (63%) or inducible ventric-
ular arrhythmia (37%), but was very specific for these
variables (84% and 100%, respectively) . The majority of
patients with normal findings on endomyocardial histologic
study and signal-averaged ECG have a tachycardia with a
left bundle branch block configuration and a right frontal
plane axis .
(J Am Coll Cardiol 1989;14:37 -9)
findings reveal histologic abnormalities in 60% to 90% of
such patients .
Signal-averaged electrocardiography (ECG) is used to
demonstrate low amplitude, high frequency late potentials
that are thought to represent areas of slow conduction and
presumed to be a substrate for reentrant arrhythmias (11,1 ) .
In patients with ischemic heart disease and ventricular
tachycardia the incidence of late potentials is high and their
presence correlates with inducibility of sustained and non-
sustained ventricular tachycardia (13,14) . The incidence and
clinical significance of late potentials in patients with ven-
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tricular tachycardia and a clinically normal heart has not
been systematically evaluated . The present study investi-
gates the clinical utility of high gain signal-averaged ECG in
relation to endomyocardial biopsy and programmed electri-
cal stimulation in patients with ventricular tachycardia who
have no overt clinical evidence of structural heart disease .
Methods
Study patients . The study group included 38 consecutive
patients with ventricular tachycardia who had no previous
history of ischemic heart disease and had a normal clinical
examination and a normal chest radiograph (cardiothoracic
ratio <50%) . All had chronic ventricular arrhythmias and
had ventricular tachycardia documented on multiple ECG
leads either during a spontaneous episode or during an
exercise test. Arrhythmia was defined as chronic when there
were a minimum of two documented episodes of tachycardia
at least 1 month apart. No patient had angiographic evidence
of coronary artery disease or regional wall motion abnormal-
ities during left ventricular cineangiography as assessed by
two independent observers
. All patients underwent treadmill
exercise testing with use of the Bruce protocol (15), and
none developed ST or T wave changes to suggest myocardial
ischemia. Patients with QRS and QT interval abnormalities
had been excluded .
The patients were aged 15 to 70 years (mean 38) . The
documented clinical arrhythmia had a left bundle branch
block configuration in 31 patients (QRS complex predomi-
nantly negative in lead V 1 with a terminal S wave), a right
bundle branch block configuration in 6 patients (QRS com-
plex predominantly positive in lead V I ) and was polymor-
phic in I patient (Table 1)
. Clinical tachycardia was defined
as nonsustained in 3 patients (uniform broad QRS com-
plexes lasting for >3 beats for up to <30 s and terminating
spontaneously without hemodynamic compromise)
; it was
defined as sustained in 15 patients (spontaneous ventricular
arrhythmia of uniform QRS configuration lasting >_30 s or
requiring termination because of hemodynamic compro-
mise)
. All patients had episodes of palpitation ; 13 had
experienced syncope and an additional 11 had experienced
presyncope
. The duration of symptoms varied from
months to 18 years (median 4 years)
.
Signal-averaged electrocardiograms .
Signal averaged
ECG was performed at the time of admission before cardiac
catheterization or invasive electrophysiologic procedures . A
commercially available system (Arrhythmia Research Tech-
nology, model 1 00 EPX) was used (11) . Electrocardiograms
were recorded during sinus rhythm (standard bipolar orthog-
onal leads X, Y and Z) and 150 to 00 beats were averaged to
obtain a noise level of <0 .6 µV
. The signals were amplified,
digitized, averaged and filtered with a bidirectional filter at
frequencies of 5 to 50 Hz
. The duration of the filtered QRS
complex and the root-mean-square of the amplitude of
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signals (vector magnitude) in the last 40 ms of the filtered
QRS complex were determined by a computer algorithm .
Late potentials were considered to be present if any two of
the following three criteria were met : 1) the duration of the
filtered QRS complex was >_ 1 0 ms ; ) the duration of the
filtered QRS complex after the voltages decrease to <40 µV
was >_40 ms ; and 3) root-mean-square voltage during the last
40 ms of the filtered QRS complex was <_ 5 µV .
Endomyocardial biopsy . Left and right ventricular endo-
myocardial biopsy was performed by the femoral route with
use of a long sheath and a King's bioptome (16) . Left
ventricular biopsy specimens were obtained from the apical
region of the left ventricular cavity . Right ventricular spec-
imens were taken from the right side of the interventricular
septum with the use of biplane fluoroscopy . At least three
specimens were obtained from each ventricle ; they were
fixed in 10% buffered formalin and subjected to routine
histopathologic studies .
To compare the histopathologic findings and quantify the
amount of collagen in normal hearts, endomyocardial biopsy
was performed in six subjects (mean age 31 years) who had
died of accidental causes and had a normal heart at autopsy .
Eight endomyocardial biopsy specimens were obtained at
the time of autopsy from each ventricle with use of the
King's bioptome . These specimens included tissue from
areas matched with the areas from which biopsy specimens
were obtained in the patients .
Sections were stained with hematoxylin-eosin and van
Gieson's stains
. Fibrous tissue was quantified by a point
counting method (17) on the sections with van Gieson's
stain. A square grid with 1 points was laid over the
specimens and the proportion of points falling on collagen
(red) in comparison with those over myocytes (yellow) was
counted. For each section the count was continued until the
ratio of collagen to myocytes in different fields varied by
<5% . This could not be done satisfactorily in the right
ventricular biopsy of five patients because the specimens
were too small .
Electrophysiologic investigation . All patients underwent
electrophysiologic testing by standard techniques
. Before
electrophysiologic study, antiarrhythmic medication was
discontinued for at least 5 drug half-lives in all patients
.
Electrodes were positioned in the high right atrium, across
the His bundle and at the right ventricular apex
. Routine
atrial and ventricular stimulation studies were performed to
assess atrioventricular (AV) conduction (18) . Inducibility of
clinical tachycardia was assessed with use of single, double
and triple extrastimuli introduced in sinus rhythm and at
paced cycle lengths of 600, 500 and 400 ms, and by incre-
mental burst ventricular pacing
. Stimuli were delivered at
twice diastolic threshold and a pulse duration of 1
.5 ms .
Ventricular stimulation was first applied to the right ventric-
ular apex and repeated at the right ventricular outflow tract
if stimulation at the first site failed to initiate tachycardia .
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*Proportion of collagen as compared with myocytes expressed as a percentage ; the range in each patient is shown . Axis = frontal plane axis of the induced
arrhythmia ; BV = both ventricles ; LAD = leftward frontal plane axis (axis 180° to 360° with a predominantly negative QRS complex in leads III and aVF) ; LBBB
= left bundle branch block configuration ; LP = late potentials on signal-averaged electrocardiogram ; (see text for criteria for presence or absence of late
potentials) ; NSVT = nonsustained ventricular tachycardia (>6 beats to <30 s) induced
; LV = left ventricle, PES = programmed electrical stimulation ; Pt No.
= patient number
; RAD = rightward frontal plane axis (axis 0 to 180° with a predominantly positive QRS complex in leads III and aVF) (in Patient 30, tachycardias
with both left and right axis deviation had been documented)
; RBBB = right bundle branch block configuration ; RV = right ventricle ; SVT = sustained ventricular
tachycardia induced (>30 s or requiring termination because of hemodynamic compromise)
; VT = ventricular tachycardia ; - = absent ; + = present .
Induction of sustained clinical tachycardia was considered suits : no inducible arrhythmia is considered to be <6 repet-
as an end point for ventricular stimulation studies . Burst itive ventricular responses ; inducible nonsustained tachycar-
pacing was also performed in the atrium at a rate just below dia is a ventricular tachycardia of uniform QRS configuration
the Wenckebach conduction point . lasting from >_6 beats to <30 s and terminating spontane-
The following definitions were used to interpret the re- ously without hemodynamic compromise ; inducible sus-
Table 1 . Findings on Signal-Averaged Electrocardiograms, Myocardial Histology and Programmed Stimulation in 8 Patients
Pt Clinical VT QRS
Histopathologic Proportion of Arrhythmia
No . Configuration/Axis LP
Features Collagen (range)* Induced on PES
Spontaneous VT, Nonsustained (n =
3)
1 LBBB/RAD - Normal
<I to 8 .6 SVT
RBBB/LAD - Normal <I to .6 None
3 LBBB/LAD
+ Normal <1 to 3 .1 NSVT
4 LBBB/RAD - Normal < I to 3 .8 None
5 LBBB/RAD - Normal <1 None
6 LBBB/RAD - Normal <1 to 4 .5 None
7 RBBB/RAD - Mild fibrosis (BV), fatty infiltration (RV) 10 to 1 .4 None
8 LBBB/RAD -
Normal
<1
None
9 LBBB/RAD - Normal <1 None
10 LBBB/RAD - Normal <1 None
11 LBBB/RAD
- Fatty infiltration (RV) <1 to 3 .8 None
1 LBBB/LAD - Endocardial fibrosis (BV) .1 to 6 .8 NSVT
13 LBBB/RAD - Normal
<1 to 6 .9
None
14 LBBB/RAD - Normal <1 to 5 .9 None
15 LBBB/RAD - Normal 3 .7 to 5 .6 None
16
LBBB/RAD + Moderate fibrosis (BV)* 5 .6 to 16 .4 NSVT
17 LBBB/RAD - Normal <1 to 5 .8 None
18 LBBB/RAD - Normal
<1 to 9
.8 None
19 LBBB/RAD - Normal <I to 3 . NSVT
0 LBBB/RAD - Normal <1 None
1 LBBB/RAD - Normal <1 None
LBBB/RAD - Fatty infiltration <1 to 1 . NSVT
3
LBBB/RAD
- Cytoplasmic vacuolation (BV)
<1 to 14
.5
NSVT
Spontaneous VT, Sustained (n = 15)
4 LBBB/RAD - Normal <1 to 8 .6 SVT
5 RBBB/RAD Normal <1 NSVT
6 RBBB/RAD - Normal <1 to 6.5 NSVT
7
LBBB/LAD
+
Moderate fibrosis (RV) 1 .1 to 8 .1 SVT
8 LBBB/LAD + Extensive fibrosis (RV) 10 . to >50% NSVT
9 Polymorphic - Normal < I to 9 .8 None
30 LBBB/RAD - Subendocardial fibrosis (RV)
<I to 5
.6
SVT
31 LBBB/LAD
+
Moderate fibrosis (RV) 14.3 to 18 . NSVT
3 LBBB/LAD + Extensive interstitial fibrosis,
1 .9 to 0 . SVT
33 RBBB/LAD -
cytoplasmic vacuolation (BV)
Dense subendocardial fibrosis (BV) 4 to 13
.7 None
34 LBBB/RAD Mild fibrosis and fatty infiltration (RV) <1 to 10. NSVT
35 LBBB/RAD - Normal
.4 to 8 .7 NSVT
36 LBBB/RAD + LAD - Subendocardial fibrosis (RV) 8 .4 to 13 .6 SVT
37 RBBB/LAD - Normal
<I to 4 .6 None
38 LBBB/LAD + Moderate fibrosis (BV) 10 to 0 . SVT
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tamed monomorphic tachycardia is a ventricular tachycardia
with uniform QRS configuration lasting >_30 s or requiring
termination because of hemodynamic compromise
.
Statistical methods.
The chi-square or Fisher exact test
was used as appropriate to assess the association of late QRS
potentials, abnormal biopsy results and inducibility of ven-
tricular tachycardia .
Results
The results of signal-averaged electrocardiography
(ECG), endomyocardial biopsy and programmed stimulation
of the right ventricle in 38 patients with nonsustained and
sustained ventricular tachycardia are presented in Table 1 .
Endomyocardial biopsy . In the control group of six nor-
mal subjects, myocyte size was uniform and there was no
interstitial infiltration with inflammatory cells in both left and
right ventricular biopsy specimens . The ratio of collagen to
myocytes ranged from 1% to 10%. Similar figures have been
reported (19) for the relative amount of collagen tissue in
normal myocardium from transmural biopsy specimens .
Eight of the 48 biopsy specimens from the right ventricle had
isolated clumps of adipose tissue in the interstitium; this
finding was interpreted as normal . In the 38 patients a
median of six biopsy specimens were obtained per patient .
Histopathologic findings were normal in 3 (60%) and abnor-
mal in 15 (40%) . Abnormal histologic features were found in
both ventricles in 5 patients, confined to the right ventricle in
10 and were more common in patients with sustained than in
patients with nonsustained ventricular tachycardia (9 of 15
versus 6 of 3, p < 0.05) . Twelve of the 15 patients with
abnormal histologic features had an increase in fibrosis
(subendocardial or interstitial) (Fig . 1) ; in 7 the proportion of
collagen exceeded 15% in at least one of the specimens
(Table 1), whereas in the other five the proportion of fibrous
tissue was < 15% . Five patients had adipose tissue in the
interstitium
; this finding was considered abnormal only when
it occurred in association with other histologic abnormali-
ties . Other features in patients with abnormal histologic
features included myocardial cell atrophy (six patients),
vacuolation of the cytoplasm (two patients) and myocyte
hypertrophy (eight patients) . Moderate increase in fibrosis
was always associated with variation in the size of myocytes
and focal areas of hypertrophy . None of the biopsy speci-
mens revealed significant cellular infiltration to suggest my-
ocarditis .
Signal-averaged electrocardiograms .
Late QRS potentials
(Fig . ) were found in 7 (18%) of the 38 patients including
with nonsustained and 5 with sustained ventricular tachycar-
dia (p = NS)
. In six of the seven patients with late potentials
the right ventricular biopsy results were abnormal, indicat-
ing a > 15% increase in collagen tissue in one or more of the
specimens with interstitial fibrosis (Table 1) . In eight patients
with abnormal biopsy results and no late potentials, the ratio
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Figure 1 . Right ventricular biopsy specimens stained with van
Gieson's stain from two patients with inducible sustained tachycar-
dia . A, From Patient 1, demonstrating normal myocardial architec-
ture. Note the minimal amount of collagen tissue (red) between the
myocardial cells . B, From Patient 4, demonstrating a marked
increase in interstitial fibrosis (red) with disorganized myocardial
architecture (yellow) consistent with the diagnosis of nonspecific
cardiomyopathy .
aLP Present
of collagen to myocytes was <15% and the specimens
showed either infiltration of the interstitium with fibrous and
fatty tissue or subendocardial fibrosis . Only one patient
(Case 3) with nonsustained ventricular tachycardia had late
potentials and normal biopsy results . Late potentials were
associated with an increase in fibrosis and were 40% sensi-
tive and 96% specific for an abnormal endomyocardial
biopsy specimen .
Electrophysiologic evaluation . None of the 38 patients
had evidence of an accessory AV pathway (18) . Three
patients had electrophysiologic features of dual AV node
conduction but junctional tachycardia was not induced .
Ventricular tachycardia with a QRS configuration similar to
that of the spontaneous arrhythmia was induced by pro-
VT-NS
	
VT-S Total
Abnormal EMB 1 5 6
Inducible VT 5 7
LP Absent
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Figure . Signal-averaged electrocardiogram re-
corded during sinus rhythm . Patient 1(nonsus-
tained tachycardia) who had normal biopsy
finding (a) and Patient 15 (sustained tachycar-
dia) whose biopsy specimen showed a marked
increase in fibrosis (b) . The first three markers
on the baseline are at 0, 50 and 100 ms . In b, the
vector magnitude shows a distinct late potential
at the end of the filtered QRS (the duration of
filtered QRS was 134 ms and root-mean-square
[RMS] of the voltages in the last 40 ms was 4 .6
)UV) .
grammed stimulation in 19 patients (50%) and this finding
was associated with the presence of late QRS potentials
(Table ). Inducible ventricular tachycardia was more com-
mon in patients with sustained than in those with nonsus-
tained ventricular tachycardia (1 of 15 versus 7 of 3, p <
0.01) .
In two patients (Cases 19 and 0) nonsustained tachycar-
dia was also induced by atrial and ventricular burst pacing ;
in both, the clinical and induced tachycardias were of a left
bundle branch block configuration with a right-sided frontal
plane axis suggesting origin of the tachycardia from the right
ventricular outflow tract ( 0) . In two other patients (Cases 6
and 37) with tachycardia of a right bundle branch block
configuration, the features of tachycardia suggested a fascic-
Table . Frequency of Abnormal Endomyocardial Biopsy Findings and Inducible Ventricular Tachycardia in Patients With and Without
Late QRS Potentials
VT-NS VT-S Total p* Value
5 4
9 <0.01
5 7 1 <0 .05
*p value refers to the comparison to the totals . EMB = endomyocardial biopsy findings ; LP = late potentials at signal-averaged electrocardiography
; VT =
ventricular tachycardia ; VT-NS = spontaneous nonsustained ventricular tachycardia ; VT-S = spontaneous sustained ventricular tachycardia .
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AVR
Specificity and sensitivity refer to prediction of inducibility of ventricular
arrhythmia by programmed electrical stimulation . Abbreviations as in
Table .
ular origin as each ventricular electrogram was associated
with a His bundle electrogram and a short HV interval (5 and
0 ms, respectively) ( 1, ) . In Patient 37, ventricular tachy-
cardia was induced only during isoproterenol infusion .
The sensitivity and specificity of late QRS potentials and
abnormal ventricular biopsy finding in predicting inducibility
of tachycardia are shown in Table 3 . The presence of late
potentials was 100% specific in predicting inducibility of
both sustained and nonsustained ventricular tachycardia . An
abnormal biopsy specimen was more specific in patients with
nonsustained tachycardia (87% versus 67%) but the sensitiv-
Figure 3. Patient I (sustained tachycardia group) . Electrocardio-
grams during an episode of spontaneous tachycardia . Of patients
with normal findings on endomyocardial biopsy and signal-averaged
ECG, 17 had a similar configuration of spontaneous ventricular
tachycardia (left bundle branch block pattern with right-sided frontal
plane axis) .
i
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Figure 4 . Patient 14 (sustained tachycardia group) . Electrocardio-
gram during an episode of spontaneous tachycardia (right bundle
branch block pattern with left-sided frontal plane axis) in a patient
with normal findings on biopsy and signal-averaged ECG . The
tachycardia was induced during electrophysiologic evaluation with
features suggestive of origin from the posterior fascicle of the left
bundle branch .
ity of both late potentials and an abnormal specimen in
predicting inducibility was low .
Normal biopsy findings and signal-averaged electrocardio-
gram. Twenty-two (58%) of the 38 patients had a normal
biopsy and signal-averaged ECG . These patients were clas-
sified into three groups on the basis of the ECG configuration
of the documented ventricular tachycardia : 1) Seventeen
(77%) of the had a tachycardia of left bundle branch block
configuration with right axis deviation (Fig . 3) ; however, a
similar configuration of clinical tachycardia, was also seen in
four other patients who had abnormal right ventricular
histologic features . ) Three patients had clinical arrhythmia
with a right bundle branch block configuration and left axis
deviation (Fig . 4) . In two of these patients mentioned earlier
the tachycardia had features consistent with fascicular origin
( 1, ). 3) Two patients with a normal myocardial biopsy
specimen and no late potentials had ventricular tachycardia
of different configurations, one being polymorphic .
Discussion
Abnormal histologic findings in patients with a "normal
heart." The definition of a normal heart in patients present-
ing primarily with ventricular tachycardia is problematic . It
is likely that such patients have subclinical changes that
elude current methods of detection and they may subse-
quently develop dilated cardiomyopathy or right ventricular
dysplasia ( 3, 4). In patients presenting with ventricular
arrhythmias recognition of such conditions is of importance
377
Table 3 . Specificity and Sensitivity of Late QRS Potentials and
Abnormal Endomyocardial Biopsy Findings in Predicting
Inducibility of Ventricular Tachycardia At Programmed Stimulation
r
Specificity (%) Sensitivity (%)
A
Nonsustained VT
Abnormal EMB 87 57
r
Presence of LP 100
8
Sustained VT
Abnormal EMB
67 67
G
Presence of LP 100 4
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as right ventricular abnormalities have been found in young
patients who died suddenly (
5, 6). Earlier detection and
appropriate antiarrhythmic treatment may improve progno-
sis .
The incidence rate of abnormal right ventricular his-
tologic findings on biopsy in patients with ventricular tachy-
cardia and an apparently normal heart was 60% to 90% in
four previous series (7-10) . This high incidence rate was
related to the inclusion of patients with intraventricular
conduction defects, who are more likely to have myocardial
disease (7,10), and to the absence of objective quantification
of fibrosis . In addition, 5 (50%) of the 49 patients reported
on had either an isolated "mild" increase in fibrosis or
"mild" chronic inflammatory infiltrates in the right ventri-
cle ; the significance of such changes is hard to interpret
. In
our study, abnormal right ventricular histologic features
were seen in 16 patients (40%), an increase in fibrosis was
the most frequent abnormality. Fibrosis was quantified and
expressed in relation to control data to eliminate subjective
bias in defining what is normal and abnormal . None of our
patients had inflammatory cell infiltration in the myocar-
dium; this could be related to the fact that we only evalu-
ated patients with chronic ventricular tachycardia who had
experienced disease-related symptoms for a median of 4
years
.
Significance of histologic findings . The histologic findings
of an increase in interstitial and subendocardial fibrosis,
variable loss of myocytes, increase in interstitial fatty tissue
and changes in the cytoplasm are consistent with a non-
specific cardiomyopathy as defined by Olsen ( 7) . The
biopsy identified disease at a relatively early stage before
overt ventricular abnormalities were detected with angiog-
raphy . Although the management of patients is at present
similar in those with and without normal biopsy findings,
detection of myocardial disease may help identify high risk
patients
.
Significance of late QRS potentials . Few data are pub-
lished on signal-averaged ECG in patients with ventricular
tachycardia who do not have apparent heart disease . Gomes
et al . ( 8) reported an abnormal signal-averaged ECG in
three of four patients with sustained monomorphic ventric-
ular tachycardia and an otherwise normal heart . In 30
patients (
3 with nonsustained tachycardia) with right ven-
tricular tachycardia and an otherwise normal heart, Buxton
et al . ( 0) detected no late QRS potentials . In our study late
potentials were also more common in patients with sustained
than in those with nonsustained ventricular tachycardia
(33% versus 9%) .
The results of signal-averaged ECG have not been corre-
lated with histologic findings in any previous studies . In our
study late QRS potentials in patients with ventricular tachy-
cardia and an otherwise normal heart identified patients with
significant fibrosis, but the low sensitivity of late potentials
makes interpretation of their absence problematic .
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Inducibility of ventricular tachycardia by programmed
stimulation . Tachycardia was inducible in a smaller propor-
tion of patients with ventricular tachycardia and a normal
heart than of patients with overt cardiac disease (ischemic
heart disease or cardiomyopathy) . In the latter group late
QRS potentials have been found in ventricular stimulation
studies to be very specific and sensitive in predicting induc-
ibility of tachycardia. In patients with cardiac disease, Nalos
et al . (13) found late QRS potentials to be 93% sensitive and
94% specific in predicting inducibility of sustained ventricu-
lar tachycardia . All seven patients with late potentials in our
present study had inducible ventricular tachycardia at pro-
grammed electrical stimulation, but late potentials had low
sensitivity for predicting inducibility for both sustained
(4 %) and nonsustained ventricular tachycardia ( 8%) .
Conclusions. The presence of late QRS potentials on the
signal-averaged ECG is useful in identifying patients with
ventricular tachycardia without clinically apparent heart
disease who, despite normal function, have a moderate
increase in myocardial fibrosis on biopsy. The presence of
late potentials is very specific for inducible ventricular
tachycardia in patients with both sustained and nonsustained
ventricular arrhythmia . The absence of late potentials, how-
ever, is less helpful . Normal findings on histologic study and
signal-averaged ECG are predominantly seen in patients
with tachycardia of left bundle branch configuration and a
rightward frontal plane axis, indicating tachycardia originat-
ing from the right ventricular outflow tract .
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